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Voehrd? is universally clescril- 

cdl asa forward circular orbit 

ata nearhy constant frequen: 
cy, typically at 0.40 to (L460 of rotative 
speed. The term “oil whirl" was origi- 
nated by H. Poritsky forty years ago. 


Benth Rotor Dynamics Research 
Corporation has been teaching the 
algorithm for fluid-incuced whirl and 
whip for over ten years, but [tell into 
the common trap of describing 
machinery behavior almost cntircly by 
frequency. 1 chide others for cescrib- 
ing malhinetion by frequeney alone, 
and nearhy made the same mistake. 


The rest of this description is 
ik a Pettey ged a a 
. With increasing orbit size as 
rotor speed increases.” 


The proper description for simple 
Huicd-induced whirl consists of fre- 


quency & amplitude equations, The 
frequency part is 

m= ACI] — stufh (1) 
where: 


ot = forward circular whirl frequency 
(i= rotative speed 
A fluid circumferential average 
velocily ra lio 
In a very simple system, “stufl” is 
where Dp is the damping of the ele- 
DD, ment that has the Muicd swirl 
Dy, Custually a bearing), and D. is 
the damping of the rest of 
the system. “Stull” sets mere cormpli- 
cated for larger systems and also for 
the fluid whip situation, but equation 
(lois ok for starters. 


The amplitude part of the algorithm, 


ab wluch the rotor orbits, is) deter- 
mined by the nonlinearity of the bear- 
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ing or seal fluicl film stiffness, or other 
rotortorstatar interface. “Typically, this 
is of the form shown in Fieure 1 and 
Equation 2, 


a Kae 
Deg = ; 
(l—e*)}? 


(2) 
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Figure | 
Direct (radial) stitftmess of the fluid film as 
a function of eccentricity ratio. 


where: 


Ky is the bearing or seal fluid film 
clirect (radial) suillmess as a function of 
eccenricily ralie e. 

Aas is the fluid film direct stiffness 
of a concentric rotor at sero ecoen: 
wicity, typically as in Figure 1. 


M is rotor effective (modal) mass. 
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e = whirlorbitradius ta radialclear- 
ance cecentricity ratio, or ¢ = whirl 
orbitaliameter bo diametral-clearance 
eccentrily tang, 

The tluiceinduced instability abways 
satisfies ecqyuations | and 4 by adjust- 
inv orbit size per equation 2. Whirling 
occurs When the Jateral mechanical 
resonance frequeney “critical” 


Ky = ox M (3) 


and the thuicd-incduced resonance fre. 
queney, equation 1, occur at the same 
frequency. 


It is obvious that, as rotative speed 
{1 increases, whirl frequency «© 
invrcascs, Which is the result of the 
higher eccentricity of a larger orbit, 
and that is the limit cycle of the fuid- 
induced whirling. 

The entire verbal description of the 
symptom fliuid-induced whirl is, there- 
fore, a forward circular orbit at a near- 
ly constant frequency, typically at 
0.40 to 0.46 of rotating speed, with 
increasing orbit size as rotative speed 
increases (Figure 2). 
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Figure 2 
Typical rotor orbits at fluid whirl instability. 
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